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reads on a %0-

scale mob-l oj the U. S air8hip “hmn” (“ZR%4”)&
tlu purpose oj determini~ the drag, lijt, and piiching
7n0ment8oj the bare hw?land oj the hull egui~ed &h
tWOdij&nt 88tSOjJ$?lZXikf8rl&LT8md-8W81%G?.807na.d8
oj the elevu.torjoroes and hinge moments.

The remdtsoj ths drag meusuremem%are in jai.r agree-
ment with tho8e oj previous i%ts on smaller modek of
the “Akron” conducted in the varialie-demriiy fund
oj this luboraiory. The type oj tail surjace d&gni.ted
Mark-II, a short wide surjace, was jound to have more
javorable conirol chara&ri8tica than ths m mu-row
type, Mark-I. The rd oj the measurements oj the
elevatorhinge moments 8h.owedthai th.$eleuztorsjor both
types oj jins were overbahwed jor a lurge range oj ele-
mtor angks, indi.cuting thai the area oj the balancing
vanes,jor the Mark-II elevator8ai Lx@, w excesiive.

INTRODUCTION

The subject tests are a part of a program of reaearoh
undertaken at the request of the Bureau of Aeronau-
tics, Navy Department, on a Zo-scale model of the
U. S, airship Akron (ZR3-4) with the object of deter-
mining: (1) The lift, drag, and moment on the bare
hull and on the hull fitted with two diilerent sets of
tail surfaces; (2) the elevator forces and hinge mo-
ments; and (3) the pressure dietibution over the hull
and fins. The program was later extended to include
(4) the measurement of total head in the boundary
layer at 10 stations on the hull. Parts (1) and (2) are
the subjeot of the present report. The results of the
pressure distribution are given in reference 1 and those
for the boundary-layer testa in reference 2.

Several advantages were offered by the unusually
large size of the model available for these teats and of
the 20-foot wind tunnel in which the teats were con-
ducted, These were, namely: (1) The Reynolds Num-
ber was large for an atmospheric wind tunnel; (2) the
control surfacieswere large enough to allow the meas-
urement of the elevator forces and hinge moments;
(3) the tare drag could be measured directly, hence
probably more accurately than usually is posaible on
smaller models.

The remdts are compared to those of previous te&s
conducted in the variabledensity tunnel of the Na-
tional Adviso~ Commjttee for Aeronautics. @efer-
ence 3.)

APPARATUS AND TESTS

The model, built in the shops of the Washington
Navy Yard, is of hollow wooden construction, having
a polygonal cross section with 36 sides over the fore
part of the hull that faired into 24 sides new the stern.
The surface was given a tie sand ibi.sh, then var-
nished, painted, and finally tied with he sand-
paper, giving a surface whioh was probably as smooth
as that of a well doped fabric surface. The over-all
length of the hull measured tiom the end of the bow
cap is 19.62 feet and the maximum diameter 3.32
feet, giving a ii.wness ratio of 6.9. The details of the
method of construction are shown in Egure 1. The
principal dimensions of the model are colleoted in the
follofi table:

DIMENSIONS OF MODEL U. S. S. “AKRON “
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Two sets of tail surfaces, designated Mark-I and
Mark-II, were provided with the model, theMark-II
type of surface being that used on the full-scale ship.
The forms of these are shown in Figure 2. Figure 3
shows the type of balwming mmea with whioh the
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elevators and rudders were equipped. The balmci& [
vanes were provided with trailing-edge flaps for the
purpose of increasing the effectiveness of these mmes
at high angles of the control surfaces. The relation
of the flap angle /3, which on the full-scale ship is
governed by the position of the elevator, to the ‘ele-
vator angle 13is shown by the table in Figure 3.

No propellers or propeller struts were provided with
the model, as it was thought that the scale effect on I

these parts would make ~he results of questionable
utility.

The method of mounting the model “k the wind
tunnel is shown in I?igures 4 and 6. The model was
suspended by two vertical wires attached at the
upper ends to platform scales on which the left was
measured. The front lift wire entered the model
through a narrow slot in the upper surface of the hull
and was attached to a horizontal steel crossbar, which
turned in ball bearings mounted on opposite +des of
the hull. The slot in the upper surface was cut in a
thin steel plate set into, and flush with, the surface of
the model. A second narrow strip of sheet steel sliding
on the under surface of the &at moved with the wire
when the angle of pitch was changed and covered the
slot, preventing any flow of air except for a small
clearance around the wire which was provided to
prevent the friction of the arrangement horn inter-
fering with the measurement,of the pitching moment.

The ends of the above-mentioned steel crossbar were
ground to streamline shapes and extended outside the
hull lfi inches on each side, affording an anchorage for
the two drag wires. These wires were carried forward
into the low-velocity region of the entrance cone and
transmitted the drag to a bell crank and thence to a
balance on the floor of the tunnel. An initial tion
waa given to the drag wires by the use of a counter-
weight which was carried by a wire attached to the
tail sting and extended down, over a ball-bearing
pulley in the exit cone, into the test chamber below.
J?our cross-tunnel wires held the model rigid laterally.
The two side bracea at the rear were fixed to a mecha-
nism on the walls of the tuunel, which moved with the
hull so as to keep the wires always perpendicular to
the ati of the model. A similar device, mounted on
the rear lift balance, allowed the wire support at the
tail to be kept vertical. The model pivoted on the
ball bearings about the crossbar, the angle of pitch
being changed by raisii or lowering the tail sting.

The elevator forces perpendicular to the axis of the
hull and the moments about the elevator hinge axis
were measured on a 2-component electric induction
balance designed especially for these tests. The
general scheme of this apparatus is Mar to that
described by Relf and Simmons in reference 4. ‘l’he
balance, shown in Figure 6 as assembled for the cali-
bration tests, consists of two parts which, for con-
venience, have been designated the model unit (shown

in the foreground) and the floor unit. The elevator
surfaces are shown mounted on the force and torque
tube which was supported on two Emery knife-edges,
located on the axis and near the ends of the tube.. The
tube was restrained horn turning about its axis by a
torque, or moment, arm which may be seen attached,
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tmgentially, to the center of the tube. The forces
and moments were transmitted by this tube to steel
spring bemns, the deflections of which were measured
electrically. The floor unit conhted of two compen-
sating units, two gakmometers (’left background), a
110-volt rotary converter to provide the alternating
current, and two recti&m to rectify the current
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pass@ through the galvrmometers. The rectifiem
Co&ted simply of a pair of contact points operated
by an eccentric attached to the shaft of the converter.

The electrical relation between the various parts of
the force component of the balance, which -wasessen-

coi.la and a decrease in the other. The resulting un-
balance, .wbich was indicated by the deflection of rL
galvanometers,was compensated for by the movement
of a similar armature in the floor unit. This move-
ment was measured by means of a micrometer screw.

FImJEE4.-The )bscale medelU. S. S. Akronmountedin thepreIMIIer-mswclIwindtunneL O=W

tially the same as the moment component, is shown I The point” of balance of the bridge was indicated by
in tie 7. Four pairs of coils were connected in the galvanometers.
such a way as to form an induction bridge. Two * The measurements of lift, drag, and pitching mo-
of the bridge were in that part of the balance desig- ment were made at three air speeds, approxinmtdy
nated the model unit; the remaining two were in the 70, 85, and 100 miles per hour, and at nine angles of

FIOUEE&—The %senle mmlelV. S. S. Akron momtod in the prepelkr-mswrchwhd tunnel. L9=ZI”

floor unit. The elevator forces -weretransmitted to a‘ ~
steel spring, the deflection of which caused the move- I
ment of an armature, placed between the coils of ad-
jacent arms of the induction bridge. This movement
caused an increase of the inductance in one pair of I

pitch, –3°, 0°,3°, 6°, 9°, 12°, 15°, 18°, and 20°. The
elevator forces and hinge moments were measured at
the abow+mentioneil speeds and pitch angles and at
nine elevator angles, 0°, + 5°, * 10°, * 15°, and Zt20°.
These latter measurements were repeated at the inter-
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mediate speed with the balancing vanes removed from
the elevdora. The drag of the bare hull was meas-
ured in two separate teats at speeds ranging from 28
to 100 miles per hour. In order to obtain the lower
speeda (beloti 50 miles per hour) it was riecessazy to
reduce the pitch of the wind-tunnel propeller. (Refer-
ence 5.) The drag of the model was also determined
for a position several feet downstream born the fit

FIGU8E&-E1ectrfobalance end auxflkrv apperatns essambkd for the odtbrotfen
tds

at the high-speed range in order to obtain a check on
the correction for the variation in static pressure along
the rmisof the tunnel.

The tare drag for four angles of pitch (0°, 6°, 12°,
and 18°) was measured directly by suspending the
model independently of the balances and supports and
providing clearanco for the horizontal steel crossbar
and the tail sting. The latter was connected inside
the hull to the crossbar, so that the total tare drag
could be measured on the drag balance in the usual
manner.
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The range of Reynolds Numbem at which the tests
were made varied from approximately 1,200,000 to
4,300,000. The maximum value was about one thirty-
fourth thnt of the full-scale ship at a speed of 84 miles
per hour. The Reynolds Number given above is
~v V(VO1)*

= — =0.248 R, where R is the Reynolds
v

Number based on the length of the hull.

MOD’DL OF THE U. S. ~ ,(-f_)NJ, 595

PRECISION

In order to determine the deflection of the wire
balance a reference mark on the model was observed
before and during a drag test by means of atransit.
The deflection, that is, the downstream movement of
the model, observed at the maximum velocity of the
tunnel with the hull at 0° pitch was approximately
0.06 inch. The error in the drag measurements caused
by this deflection was 0.16 pound or less than 1 per
cent of the gross drag of the bare hull.

The maximum deviation of the observed values of
drag from a mean curve for the high-speed range was
+ 0.1 pound at the low angles of pitch and + 1 pound
at the very high angles. The observed values of the
lift were probably accurate to + 0.5 pound.

The electric balance in the calibration i%ts was
accurate to +0.02 pound; in the wind tunnel, however,
because of the vibration of the model aud the fluctua-
tions in the air stremn, the measurements of forces and
moments on the elevators are probably only accurate
to within + 0.1 pound for any individual force reading
or + 0.1 inch-pound for mLymoment reading. The
maximum elevator force and moment were approxi-
mately 20 pounds and 15 inch-pounds, respectively.
A recalibration of the balance after the tests checked
the previous calibration very satisfactorily for the
uploads; that is, for loads corresponding .to a down
elevator. The download calibration, how-ever,differed
from the previous one by about 5 per cent. The
reason for this discreprmcy is not definitely lmown.
I?ortunately, the downloads are of less interest than the
uploads which were measured more accurately.

RESULTS AND DISCUSSION

The rcmdts have been reduced to the usual non-
dimensional coefficients which are defied as follows:

Drag ooeffioient, CS=
Drag

~ii

Lift coeffitid, CL= Lift
-i

~om&t ~oeficient ~ - Moment about centor”ofbuoyanoy
>= q Vol

Elevatir foroe ooeffioient, C%=
Elevator force normal to hull axia

qs
Elevator hinge moment _ Moments about elevator da

coeffloient CH— qsc

where q—dynamic pressure in pounds per square foot
vol —volume of hull in cubic feet,

S–area of elevators in square feet (not includ-
ing balance vanes), and

c —chord of elevator in feet.

The faired coefficients are presented in Tables I, II,
and III for the bare hull, the hull with the control car
and Mark-I surfaces, and with the control car and
Mark-If -surfaces, respectively.

The drag coefficients are correoted for tare drag and
for static pressurevariation in the tunnel which amount



!. ..., .,. . —— -L.

596 REPORT NATIONAL ADVISORY COMMITTE D FOR AERONAUTICS

to about 38 per cant and 10 per cent, respectively, of
the gross drag of the bare hull at 0° angle of pitch.
The static pressurevariation along the hull is given”in
the following table:

ajL._ o 0.1 a2 0.3 0.4 0.5 0.6 0.7 as 0.9 Lo

P/!7— .Cc2 .026 .m .017 . of.6 .013 . Ou .010 .010 .011 .013

densi@ wind tunnel. A wooden model, one two-
huudredths scale and of polygonal cross section similar
to the model of the present tests, was tested both on
the main balauce and on the auxiliary balance in the
old open-throat variabledensity tunnel. (Reference
3.) A metal model, one two-hundred-fiftieth scale,
had a circular cross section and was tested on the

V[vol.p
Reynolds Number - ~

~arms.-lhm-fmentd drag me5den@and computed frfctfomklms cmfiklents of bare hrdf for the Wwde mcdel U. S. S.-&w

where a is the distance from the nose, L the length of
the hull, p the static pressure at a point on the axis of
the tunnel, and g the dynamic pressure of the air
stream.

The method of determiningg the latter correction
was to plot the static pressuremeasured in the absence
of the model at the points along the axis against the
corresponding cross-sectional area of the hull md
then to integrate the area under the resulting curve. .

The drag coeiiicienta of the bare hull for three values
of the Reynolds Number are given in the following
table and compared with the results obt&ed with
two models of the same ah-shiptested in the variable-

auxilky- balance in the new closed-ttioat arrangement
of the variabledensitg tunnel. The results of the
latter tests have not previously been published,

‘“-=+%9-------------- ~~m ~nQm 4,~~
P. RT.model ZRS-4 (onefertfeth.wde) __ . . .._ C.q-a 01%S 0.0103 a OM
V. D. T.wwdenmodof (mefn balamm) (one two-

hnmhwlth scale)-.____ -------------- Cam—._ . . . . . . .._ .0180
V. D. T. wooden medel (ermSky balance)(one

c%-. 0215h&.&DcluDcl~wth)==____.&j -(;=-=. .Onz .fr&O

hrmdrwl-dftltih scale) --—------------------ Cs=. 022$ .0223 .0210

The results of the present tests at the highest
Reynolds Number are seen to be about a mean of tho
results obtained in the variable-densi@ tunnel for tho
one two-hundredth scale wooden model. The agree-
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● ment is not quite so good, however, when the results
are compared to those of the metal model, which are
about 15 per cent higher than the present results. It
should be noted, however, that the accuracy of the
tests conducted in the old variabledensity tunnel is
somewhat questionable because of a very large hori-
zontal buoyancy correction. Also, in the case of the
tests on the main balance, the interference effects of
the relatively large streamline supporting-strut are
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unknown. The d%erence between the present results
and those of the new closed-tbxoat variabledensi@
tunnel, in which the buoyancy correction was quite
small, might possibly be attributed to the dMerence in
cross section between the two models. The drag
coefficients are plotted against Reynolds Number in
J?igure8 on logarithmic scales and compared with the
variabledemity tunnel results and also with the

frictional drag for the present model computed by the
method described in reference 6. The transition
curve was computed for the critical boundary-layer
Reynolds Number corresponding to the transition
point found in the boundmy-layer” measunmmnts.
(Reference 2.) s

The high-speed portion of the curve for the subject
trots approximates that of the computed transition
curve, whereas the low-speed values, contrary to what
one would expect, increase with decreasing Reynolds
Number until at the lowest speeds the curve approxi-
mates the computed curve for completely turbulent
Elow. This variation may possibly be accounted for
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— . . .

30
i“ ~.

/ ----
l% u

.40 / .#----
/- I

c’

20 ~
---- ,

-----

0

-20 -15 -10 -5 0 5 10 15 20
@ 6,degrees D’n

FIWJEE10.—Llft CMMEIIk (P25.6 WWM18per WJUO tit) fOI the ?4e-5Gde
mcdel U. S.& Abvn

by a change in the air-stream turbulence. If the de-
gree of turbulence in the wind stream ware the same
for the low+peed asf or the high-speed tests the experi-
mental curve for the former would be expected to fall
along the transition curve approxim@.ed by the high-
speed drag values. The fact that the rate of increase
of the drag coefficients, with decreasing Reynolds
Number, is greater for tha low--speedthan for the high-
speed test apparently indicates that the degree of
turbulence in the air stream was greater for the low
speeds, in which the pitch of the wind-tunnel propeller
was decreased, than for the high speeds. The direct

. .
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comparison of the measured and fictional drag, as
given above, is considered justified by the fact that the
pressure drag on this model determined from presmre-
distribution tests (refarence 6) was negligible, within
the accuracy of the twts.

The drag of the bme hull in the second position,
about 7 feet downstream, was 12 per cent higher than
for the first. These results are somewhat question-
able, however, because of the unsteadiness of the
model and the uncertainty of the tare drag in this
position, both of which were due to the fact that we
rear supporting wires were in the very turbulent back-
wash from the bd of the exit cone. ~ the tare drag
determined for the first position is used in calculating
the drag the difference is reduced to 8 per cent. The
horizontal buoywmy correction for the second position

I I I I I I I
.30 — -

------ Mmk I surf&s (TIO’ ccafrd CW
— . I “ = - -

Tn —-
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FIOUEElL-Pftchfog-momant cmftldentsabont cen’&rof bnoyenoy(g=!Z5fJ

fmnda perMIoarefrmt)forthe ~e-zale tiel U. S. S.Akron

was 6 per cent of the drag of the hull and was in the
opposite direction to that of the upstream position.

The drag coefficients for the bare hull aud for the
hull fitted with the Mark-n surfaces and control car
are shown in Figure 9 for the various angles of pitch.
The Mark-It surfaces and control car increased the
drag coefficient from 0.0190 to 0.0242, at 0° angle of
pitch, an increase over the bare-hull drag of about 27
per cent. The results were approxiinately the same
with the Mark-I surfaces at this angle of pitch. At
other angles of pitch the Mark-I surfaces gave a some-
what lower drag coticient than the Mark-II. A
drag test of the hull with the control car showed that
the contribution to the drag of this appendage was
less than 3 per cent of the drag of the bare hull.

The lift coefficients for the hull with the tail sur-
faces, shown in Figge 10, are very little diferent

for the two sets of tail surfaces although, in general,
the Mark-II coefficients are slightly higher,

The pitching-moment coefficients, taken about the
center of buoyancy, are given in Figure 11. The
slopes of these curves indicate that the model, with
either set of tail surfaces, is somewhat unstable for
angles of pitch up to 9°, is then approximately neu-
trally stable for a small range, and is stable for pitch
angles greater than 12°. The instability is somewhot
less with Mark-H tail surfaces than with Mark-I.

The pitching-moment coefficients are considerably
lower for the Mark-n fins and elevators than for the
Mark-I, indicating that the former, although having
approximately 10 per cent less area, should give
better control. This indication is shown in a dihrent
manner in Figure 12, in which the elevator angles for
zero moment, obtained from the intersection of the
moment curves with the axis of abscissa (fig. 11),
have been plotted for the corresponding angles of
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pitch. From these curves may be determined the
elevator angle required for zero pitching moment at
any desired angle of pitch. The difference in the two
curves is small at the low angles but increases with
pitch angle to- a maximum at about 10°, where the
elevator angle required for zero moment with the
Mark-II surfaces is nearly 3° lees than with the
Mark-I. The fact that the moment coefficients are
not zero for the 0° angle of pitch at the 0° elevator
setting indicates that there was a slight asymmetry
in the model or that the air flow was not strictly axial,

The coefficients for the elevator forces normal to
the axis of the hull are compared in .Figure 13. The
Mark-n coefficients are higher, in general, than the
Mark-I, the difference being small at the low elevtttor
angles but increasing with elevator angle to a maxi-
mum at 20°. The coefficients change very slowly
with angle of pitch up to an angle of 10°. This S1OJY
change is probably because the direction of the local
velocity over the elevators at the low pitch angles was
controlled by, and was parallel to, the main fin
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surfaces. As the angle of pitch increased the influence
of the fixed h surfacea deoreased; hence, the elevator
forces increased more rapidly.

The variation of the elevator hinge momenta with
elevator angle is shown in Figures 14 and 16 for five
angles of pitch. The resuh for the two types of
surfaces aresimilarin that they show that the elevatora
were considerably overb&mced for a very large range
of elevator anglw. In both cases the overbalance is

0, C&gn+s

Ilaum Ef.-Elevator force c@330fents(94.6.6 parmdapa sqnero foot)

a maximum, for the low angles of pitch, at approxi-
mately 6= 8° and again at ~= – 8°. The overbalance
with the Mark-I surfaces, howevar, is considerably
less than with the Mark-II, as was to be expected,
since the balancing vanes for the Mark-II surfaces
were larger in proportion to the area of the elevator
surface than those of the Mark-I, while the chord of
the Mark-II elevators was about 10 per cent less than
that of the Mark-I. A better method of comparing
these surfaces is to compute the momenta of the areas
of the elevator surfaces and the balancing v,mes about
the elevator hinge axis, considering that the moments
of the balancing vmws are opposed to those of the
elevators. The moments for the Mark-II surfaces,
if computed in this mm.ner, are about 20 per cant less
thwi those of the Mark-I. .

149900-33-39

It ie understood that in the design of the elevator
surfaces a certain amount of overb@mce was intended
in order to overcome the friction in the control, system
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and, more particukwly, to reduce the hinge moments
at the high mgles of these surfaces. The range and
magnitude of the overbalance shown in the results of
the present tests, however, seem to be exceasivej
especially in the case of the Mark-II control surfaces
The results of these tests have since been coniirmed by
full-scale flight tests.

The remdtsof the elevator hinge moments and forces
for the Mark-II elevatom without the balancing vanes
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lihoumr16.-Elevatarhhgemomentcmffldenta The x-e modelU. S. S.

Akron. .Msrk-Itall mrfacw. (9.256 PJrmdsB ~ fret)

are presented in Table III-f and Table III-g, re-
spectively. The hinge moments for the 0° angle of
pitch are also included in the plot in Figure 13.

CONCLUSIONS

1. The drag of the bare hull at the high Reynolds
Numbem was found to be in reasonable agreement
with the results of previous tests on models of the same
airship.
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2. The Mark-11 tail surfaces were found to give more
favorable charactehtics with respect to control than
those of the Mark-I.

3. The results of the measurements of the elevator
hinge moments showed that these coefficients were
considerably greater for the Mark-n fins at the high
elevator angles than for the Mark-I and that both sets
of elevators were overbalanced for a large range of ele-
vator angles, this overbahmce appearing to be exce@ve
for the Mark-II elevatom.

LANGLEY hf?a~orm&LAERONAUTICAL LADORATORY,

NATIONn ADVISORY ComarrED FOR AERONAUTICS,

LANGLEY FIELD, VA., May 6, 19%2.
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TABLE I

ZO-SCMLE MODEL U. S. S. “AKRON “

BARE HULL

tJLFT,DRAQ,AND PITOHrNC4MObfENTCOEFFICIENTS

I I I
125 a m-a a Lm& am aom := :=
19.0

a c47s a~ :%
. OKO -0222 .6167

%6 .0191 . Olw :%% .O.210 .0276 -m .O1.50 .W .0737

I I !
–a cm aom a on am ao54 am a n6 a lEJ a 1s3

E: –. m .011 .027 .054 .090 .116 . 1s5 . 1s3
25.6 –. m :%! . OH .620 .0s4 .030 .115 . 1s5 . 1s3

I I I
11, ,! I , 1 1 I I

ns –a 070 O.ao aen am 0.212 am a307 a346 ::;
M.o –. em .07s .IEa .212 .!M .?07 .348
25.6 –. OTo :%i .07s . MO .212 .m .2$7 .34s .377

I



FORCE MJ3AfjUREhlENTS ON A l/40-SCALll MODEL OF THE U. S. AIRSHIP “MIRON”

TABLE II-a

%,-SCALE MODEL, U. S. S. “XKRON “

MARE I TAIL SURFACES

DRAG 00EFFIOIEN’1%

Angleof pitch,e

m’

a 142JI
. 138s
.1365

.M&3

.1412

.1394

. 14.s9

. 14m

.1432

.1637

.1496

.1477

. lem

.IE83

.W

. Lw9

.16’S4

.Ms4

.lsw

.1769

.1742

. l’Jli4

:+%

.m36

. lW.5

.1977

!7
3“ 6- W w’ ls-

0.u17
. Km
.1079

.1140

.1110

.1104

. lw

. llm

.1149

:%

.m

. 13C8

.1275

. Im

.@

.1.w4

.1341

. 14S3

.1447

.1436

:%
.lm7

. ma

. lam

.1044

it:
2h6

126
IQ o
26.6

126
19.0
25.6

2:
2&6

125
10.0
25.6

125
19.0
26.6

125
lflo
!25.6

126
19.0
2s.6

125

%!

0.0383
.m
.CB76

:&%
.035

.C#3

:E

.0a78

.0272

.mo

.Ons

.0266

.0m3

.frm

.a267

.U6

.02m

.0234

.0ia2

a am
.0327
.aw

.am

.W

.0294

.0274

.0259

.Ow

.aw

.0269

.0248

.fc246

.0242

.0240

.02b4

.U249

.0247

:R#
.02M

a 0316
.mlo
.am

.02fn

.0283

.aw

. 0Z5

.0270

.0z33

.Om

.0269

.W7

.Oml

.02s7

.0256

.@.276
,0273
.07471

.am
awl
.02%9

.0346

.m9

.am

.G3K1

.mfs

.mm

afw

:E

.Ws

:n

.aml

. m14

.@ll

. a317

. mu

.mw

.0323

. ans

.a314

:x

.mwl

.a376

.Owl

.OM

:W

.04s9

.0476

.046s

a 0419
.0411
.Olm

. M17

:%

. 04f7

.0400

.MO1

.0119

.0110

.0406

.0436

.W27

.W21

.0472

.OMs

.W

.Wizl

. a514

.W19

.0575

.a5s9

.0536

.0336

.0328

.Ws

QCks&

.05&5

.Esl

:E!
:%
.W

.am

:%!
.m5
.ml
. awl

.W86

.M61

.0341

. on2

:E

:8%
.Om

:%
.Wa

Qfcm
.Om
.0767

:%%
.07%7

:%%
.frw

:E
.aw

.0w7

.E2al

.am

.0337

:$%
.lol’a
.103s
.1037

.1130

. nll

. has

. lm

.1216

.l!ul

.02s3 .0291

.02ra Sk&

.0277

.a314 .aw
.am

:%% .a326

TABLE II-b

LIKl? 00EFFIOfENTE

L
CL- 9m ~

—.—

a

-P

–w

–UP

–P

Angle of pitdl, e

r

-_: g

–. m

–. mo
–. We
–. m

.m

.lm

.lm

:E
.E3

.CG7

.m7

.I137

.a52

.&w

.(M2

.037

.037

.037

.fm

.m

.fm

.C@o

.W6

.frael

P

a&l

. ful

:IR
.m

. CM9

.019

.049

.(M4

.034

.Ch34

.079

.079

.079

.0a4

.W4

.Gw

.110

.110

.110

:%
.126

.140

.140

.140

W w

–a m
–. cm
-. IM3

-o. a56
–. 0s6
–. M-s

a 075
.073
.On

.mu

.fw

.W

.102

. m

.Ow

.m

.116

.114

.122

.130

.129

.160

.147

.146

:%
. lea

. ml

.179

.178

.196

.M5

. 1E4

a 139
.136
.133

: gQ

.167

.163

. lea

. Is

.179

.175

.lm

.19.5

.191

.216

.213

.210

.232

:%

:%
.246

Zl&

.Xi2

:&o

.!m

.226

.222

.m

.240

.23

.231

.257

.262

.247

.Z74

.270

.!m

.!230

.2%3

.m

:E
.301

.623

.323

.320

.a44

.341

.339

flg

.ml

%
.2$9

.321

.317

.314

.239

.am

.230

.2M

.362

.34s

.375

:E

.392

.Wa

.3?36

.410

.4a5

.401

.427

.423

.&n

a344
.s39
.E35

.361

.367

.35s

.376

.374

.370

:%!
.224

.414

.4UJ

.4a5

.431

.42=3

.421

.454

.446

.440

.467

.m

.469

.4s6

.4MJ

.475

%.:
2&6

lz5
19.0
2S.6

%:
!2&6

12.5
m o
X6

lZ 6

E:

itl
26.6

125

%:

126

%:

126
19.0
2s0
.—

–. 076
–. 075
–. 076

–. fxa
–. w
–. ml

–. (M6
–. 0k6
–. 046

–. 030
–. m
–. mo

–. 040
–. MO
–. MO

–. 02a
–. 023
–. m

–. 011
–. 011
-.011

w

P

m

w

‘m

.034

.UM
m-l

.017

.017

.017

–. 017
–. 017
–. 017

–. m2
–. fm
–. m

:Ki
.013

,.#
.Oal
. ml
.ml

.046

:%

.OM

:%!
.@o
.Wa
.Oea
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TABLE II-c

PITCEONQ-MOEKENT 00 EFFICIIRNTS

c. -
M

93

Angle ofpltdl, e

15”

a m
.176
. In

.149

.152

. lM

.x
.126

.091

.0E3

.025

.&e

.061

.m

.025

.@

.030

~.

–. m

-. m
–. w
-. 03a

-. O&s
-. Ch90
-.094

0.160
.163
.1%

a 189
. lW
.191

.170

.172

.173

.148

.149

.150

.Iz3

.124

.lm

m&

. ml

:%
.074

.040

.643

.645

.013

.014

.*15

: y~

-.014

:;:
.194

.166

. ma

.170

.139

.142

.145

.114

.116

.lls

.CS4

:%

.051

.&m

.fm

%!
.026

–. 010
~.

–. 040
–. m
-. a37

126
lQ o
2&6

125
19.0
25.6

125
la o
X.6

12s
la o-
Xiel

lfL5
1%0
2&6

125
19.0
2&6

126
19.0
25.6

12s
1s.0
2E.6

125
lQ o
2&6

6.cm
.059
.059

.039

.039

.m

.016

.016

.016

-. m
–. m
–. m

–. m
–. IJ36
–. a30

–. W-5
–. m
–. 0s5

–. m
–. Gw
–. W3

–. 111
–. 111
–. 111

–. la)
–. 1S)
—.130

u&

.0f5

0.139
.13B
-139

.Sm

.m

.lm

.Ow

.099

.W9

.075

.075

.076

.Ow

.Om

.Om

.U

.02a

.an

–. m
-. W5
–. 0)5

-. m
-. m
–. m

–. 054
-. 05!
–. 054

0.174
.174
.174

. 1E4

.154

.154

.131

.131

.131

.107

.107

.107

.ml

.U92

.CEa

..of.5
.G55
.055

.027

.m

.027

.m

.am

.au

-. m
–. 029
–. 0i9

o.m
.185
.1’%

.077

.077

. 0?7

.173

.176

. In

.134

.138

.140

.W5

.a55

.055

.m

. Ls3

. 1b5

.105

. la3

.110

.073

.075

.On

.025

.Ou

.025

.rn

.ln

.130

.Cw

..CLU

.Cm

–. CQl
-.021
–. 021

-.048
–. 048
–. (MS

–. m
–. m
–. 669

. lml

. Im

. IG5

.fm

. (!41

.C!43

.On

.072

.On

.fm

M
–.a31
-. Oza
-. ax

.U39

.042

.044

m!?
.010
. Olz

-. m
-. @37
–. au

–. m
–. 057
–. m

-.021 -. m
–. m
-. CM

–.019
–. 017

ELEVATOR FOROE 00EFFIOZENTS

c+

u

125
1s.o
25.6

126
19.0
X6

126
la o
25.6

125
la o
25.6

125
19.0
2h6

W
2&6

125
1s.o
2.5.6

125
lQ o
%6

125
19.0
%6

AI@ ofpituh,8

-P

-o.071
-. C&a
–. 647.

–. m
–. m
–. m

lfF0=”

-Q 616
–. @4
–. 591

–. m
-. Ml
–. 549

~.

–. 441

–. 244
–. 244
–. 244

–. 019
–. 019
–. 019

. 1s7

.!2UI

.m

.3S

.W6

.403

.525

.541

.mo

. OIQ

.6a7

.635

*

-am
-. m
-.547

-. 4W
-. E@
–. 516

–. w
–. m
–. 407

-.219
–. 219
–. 219

.010

.010

.010

.231

.234

.236

.425

.483

.440

.5M

:%

.076

.Im5

.6m

u?

-o. E38
–. 525
-. m

–. 471
–.m
-.492

-. 2$S
–. m
-.375

–.1%
-. IQS
–. lQS

.Oza

.Uia

.CQs

.ns

.ml

.2F3

.452

.461

.470

.J5ss

:E

.725

.734

.741

-0.523
–. fill
–. m

–. 459
–. 4m
–. m

–. 344
–. S51
-.369

–. li%
-.178
–. 178

.042

.042

.W2

.278

.2Z3

.273

. 4m

.47’0

.487

.021

.e35

.048

.nl

.779

.7W

~~
–. Ml

–. 46s
–. 4n
–. 485

–. 834
–. ?42
–. 349

–. 150
–. 1s8
–. la

.073

.071

.070

:g

.W4

.4m

. ml

.510

.W2

.655

.67s

.816

.&%

.8S2

-a 514
-. 0)4
-. 48a

-. &a
-.467
–. 476

-.301
-.310
-. m7

-.101
-. 1C!5
-.110

.140

. l=

.IM

.364

.M4

.394

.544

.551

.554

.ma

. TX

.733

.673

f%

-0.502
-. 4s2
–. 4s3

-.446
-. 454!
-.467

-. m
–. 2S
–. X8

–. m
–. 074
-. m

.174

. lm

.166

.410

.410

.410

.W3

. al

.@s

.701

.m

.7X3

.920

.E3s

.s46

-a4w
–. 4Ea
-.481

-. M
–. 461
–. 4ol

–. 270
-.278
-. !m.9

-.055
-. m
-.066

.194

.%

.426

.426

.425

.010

.617

.024

.781

.791

.0)

.949

. S57

.s6-5

~.g
-. 4XI

–. 27s
–. 27s
–. m

–. 053
–. 033
–. 0s3

.16s

. la

.171

%
.371

.4!M

.615

.534

:%
.505
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TABLE II-6

I+UNQEMONENT 00EFFIOmNT

c=.%

Angle of pit@.9

a 9
r

Og

.@a

.035

.025

.0?3

–. ml
–. m
–. w

–. m
–. m
–. m

.K14

.W4

.W4

.m

.ON

.aw

.ma

.W4

.Wa

–. 027
–.K?6
–. m

–. 072
–. 072
–. on

3’ Sz’ 16-

acw
.W3
.6W

:E
.065

. im7

.W6

.0)4

-. m
-. Ca6
–.W6

.m

.03)

.ml

.M7

.W7

.W7

.m

.m

.Wa

–. 013
–. 011
-.009

–. 0.55
–. 065
–. 0b5

o.rim
.084
.63a

.023

.026

.025

–. cm
–. m
–. an

–. m
–. m3
–. m

.m’l

.W4

.W-l

.W

.Cm6

.Cm

–. ma
-. m
-. mz

–. 644
–. 6!2
-.040

–. Ma
–. Ma
–. 6%9

0.946

:E
.016
.016
.016

-. m
–. m
–. m9

–. m
–. m
–. m9

–. m
–. m
–. 0)2

.am

.am

.fbxl

–. o13
-.011
–. m

–. m
–. 031
-. m

–.W4
–.G94
–.OW

;@&

.W7

.m

.039

.Co9

–. 011
–. 013
–. 014

–. 016
–. 016
–. 016

–. 011
–. Ol!a
–. 012

–. m
–. m
–. W3

–. m
–.019
-.017

~. a59
–. 0.58
–. 0a7

-. w
–. O&a
–. m

aw
.(E7
.02!3

–. au
–. ml
–. m

–. 017
–. 018
–. 019

–. m
–. 021
–. 022

-.016
: yj

–. 014
–. 014
-.014

–. 033
–. 028
–. Crz6

-. w
-. (W
–. 0+4

-. aw
–. 069
–. am

a 019
.023
.026

–. (m
–. cm
–. Cm3

–. 018
–. 019
–. m

–. 018
–. 019
–. m

–. 014
-. Ola
–.016

–.018
–. 018
–. 018

–. 040
–. a37
–. 034

-.076
–. m
–. 074

–. 103
–. ml
–. ml

a 015
;gl

–. Ou
–. 011
–. 011

-. ml
-. 0z4
-.023

–. 023
–. m!
–. 026

–. on)
-.021
–. m

–. 026
–. 026
-.026

–. w
–. 061
–. 048

–. G&l
–. U34
–.M3

–. U3
–. 113
–. 113

ao13 ~
.016
.018

-.014
–. 014
–. 014

–. ‘k
–. @m
-.027

–. 027
–. m
–. 029

–. m4
–. CG!a
–. m

–. ml
–. an
–. 031

–. W2
–. 059
–. O&9

–. m
–. m
–. m

–. m
–. m
-. ml

126
19.0
25.6

126
19.0
26.6

M
2.6.6

126
19.0
26.6

126
19.0
2&6

us
19.0
26.6

us
lQ o
2.&6

Ilb
lQ o
2b.6

12.5
19.0
25.0
——

TABLE HI-u

~0 SCALE MODEL U. S. S. “AKRON” MARK II TAIL SURFAGES

DRAG 00EFFIOIENTS

c8-
D

9-

. .

a 9
w r? m’ ls-

126
19.0
25.6

125
l’a o
25.6

125
19.0
3h6

126
19.0
25.6

125
19.0
2&6

125
19.0
25.6

1!26
19.0
26.6

125
19.0
2&6

us
1!2o
%6

:Cr3&

.am

.W4

.0344

.W

. a316
,. mlo
.m

St&

.0278

.02a9

. ml

.Oml

.02m

.Om

.0%5

. ~6

.0282

.@

.mm

.a300

.m

.a336

.0324

.m34

amu
.92S3
.E36

.fBo7

.0?01

.6299

:%%
.0276

.Ozm

.026a

.OzM

. oa47

.0343

.0a42

.02aa

.0269

.0266

.OM1

.0278

.0276

.CEu3

.W=s

.C#I

.f@a

.0234

.aBs

:Cr&

a317

.am

.f@7

.a

:8%
.0276

.0274

.0M9

.0m6

.0m9

.Oma

.02a3

.U.5

.0286

.0zJ5

:&!
.0314

:Ml
.Wm

.6#7

.fam

.03siJ

aowa
.am
.a344

.am

.a?m

. a316

. a319

. am

.m

. fB15

. Ml

.0369

.ar44

. IS318

.m

. fB47

.W3

.W6

.a3w

.C#3

.0w2

.6432

.043

.642s

.W

.0487

.0427

a6446
.6S2
.0423

.0431

.0411

.040a

.6S5

.0410

.Mm

.04w

:W

.6447

.0436

.0430

.04f2

.04m

.Wa

.Im6
X@&

am%
.0m3
.O.w3

.(WS

.Wm

.fkxa

0.65%
.aw
.05a7

.0m4

.a566

.6346

.am

.W3

.Ow

.awa

.0a70

.0674

. (MS

.Wa3

.fb!m

.W66

.W&4

.W53

.0733

.672A

.07m

. fz316

.a3a3

. ml

.OwJ

.fB57

.awo

o.f#3

+%

.mm

.Oml

.07E3

.mzo

.asw

.07ea

.mml

.aw

.am

J6fi&

.fma

mJ.&

.0B30

. 10M

. 103I

.1017

.1149

.lln

. US

.lm
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.Ub9

.In8

. ml

. 134a

. la

.lsm

.1443

. 14ZI

.1407

.E48

. lml

. L513

. 16b5

.1643

. 16ZI

0.1345
. lms
.E%9

.12Sa

.13a7

.LRa

.1424

.1401

.13E.3

; ;Q&

..1436

.IE.96

. IR5

.1514
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.m
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TABLE IH+

LIFT COEFFICIENTS

L
cL-umizm

mAngle ofpita o

a q
–& v T P 6+ 1P w W w

–w =5 -o-w –o. m –o. m am am a 143
19.0 –. m –. m –. 021

0.211 CLg O.w
.137 .W

2s.6 :% :E .125
.m

–. @i –. m –. 021 .231’ .273 .323

–1P ~; –. m –. 046 –. am .@+ .la7 .235 .3m
+% SF&

. W
–. ml –. w –. m .153 .Z1 .207 .349

25.6 –. m –. w –. m .02s .160 . Z8 .292 .347

–Iw 125 –. w .–. aa .m IO&’ .107 .171 .M1 .317
ra.o
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–. M-5 –. m .m .103 .167 .m .318

2S6 –. Cbss –. m .m .051 .106 .155 .234 .311 :E

–V KL6 –. 051 –. 015 .024
19.0

.070 ~~ .W9 L& :g .391
–. 050 –. Olb .162

%6
.6S

–. @l –. 016 %% :% .119 .lm .2M .32W .3%9
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2S6
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–. a3a %! :% .ml .13 . 1’W .!237 .349 .4M

v 125 –. 021 . Ols .M3 . 10) . lm .222 .294 .274
IRo –. 021 .015 .0S .Qa7 . Im .216 .m .370 f%’
%6 –. m . Ola .062 .066 .149 .X2 .2S4 .209 .425

W –. M13 .023 .lls .174 .240 .312
H
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–. m X&6 :E .113 . lm .m .m :E

25.6
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–. W .Cb27 .lu . WJ3 .2aa .305 .2S .446

1P 126 .046 .rw .132
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TABLE III-c

PITCJEJNG-MOMENTOOEFF1OIENT
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–. CEa
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2S6 –. m7 –. Q35
–. 0.55 –. 076
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TABLE III-d

“ELEVATOR FOIIOE 00EFFICIENT
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25.6 –. &w
–. ‘?3s

–. 457
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TABLE lT1-e .
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.
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TABLE III-j

BALANCING VANES REMOVED
HINGE MOMENT 00EFFIO~NT .
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–5+ 1-W

am a 1.95
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ELEVATOR FOROE 00EFFIOIENT
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–. cm

.116

:%
.63.0

r

–0.623
–. 370
–. 234
–. m

.CI)7

.127

:%
.6M

SQ

-0.476
–.fm
–. m
–. la3

.017

:Z
.401
.023

w

a& a 119 ~&a
.075

.040 .046

.016 -: E
–. 017 –: E -. a39
–. 0s9 -.074 –. m
-. m –. 126 –. 187
–. 169 –. 177 -. I’m
-. .’a7 -. ns -. 84s

16° x’

.


